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Description, Pages 

1-93 

Claims, Numbers 

1-40 



as originally filed 

received on 04.1 1 .2004 with letter of 03.1 1 .2004 



Drawings, Sheets 

1/17 _17/17 as originally filed 



1/17-1 m/ - 

. , - m orUoH shove were available or furnished to this Authority in the 

Th esae l e m en t swereav a ™ab te or f ur„ 1 s h ed to « h ,Au«hor«y i n«he«ow 1 n gl an g u ag e: 

. Rule 55.2 andfor 55.3). 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ r^rrrrr:.— 

listing has been furnished. 
4. The amendments have resulted in the cancellation of: 



□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 
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reports 

6. Additional observations, if necessary: 

„, publishment o. op,„ic„ wi,h regard .. novety, inventive step and indusWa. appHcabHtty 

□ the entire international application, 
B claims Nos. 11-32,37-39 

because: ^. x 

®^o»^ 

see separate sheet 

□ descrip«on. ^ or drawings **£ « or said claims Nos. are so unoiear 
that no meaningful opinion could be formed (specify.). 

□ the ciaims, or said claims Nos. are so inadequately supported by the description that no meaningful opimon 
could be formed. 

□ no international search report has been established for the said claims Nos. 
Instructions: 

□ the written form has not been furnished or does not comply w«h the Standard. 

D the computer readable form has no, been furnished or does no, comply with the Standard. 

IV. Lack of unity of invention 

1 . in response to the invitation to restrict or pay additional fees, the applicant has: 

□ restricted the claims. 

□ paid additional fees. 

□ paid additional fees under protest. 

H neither restricted nor paid additional fees. 
2 □ This Authority found ,ha, ,he requirement o, unity of invent is £ complied wKh and chose, according to 

Rule 68.1 , no, to invite the applicant ,o restrict or pay additional fees. 
3. This Au*omy considers ,ha„he requirement o, unity of invention in accordance with Rules ,3,, 13.2 and 13.3 
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□ complied with. 

m not complied with for the following reasons: 
see separate sheet 

4 Consequently, the following parts of the international application were the subject of international preliminary 
examination in establishing this report: 

□ all parts. 

H the parts relating to claims Nos. 1 1 -32,37-39 . 

V Reasoned statement under Article 35(2) with regard to nove.ty, inventive step or industria. app.icabiiity; 
' citations and explanations supporting such statement 

1. Statement 
Novelty (N) 



Inventive step (IS) 



Yes: Claims 1-10,34-36,40 

No: Claims 33 

Yes: Claims 1-10,35,36 

No: Claims 33,34,40 



industrial applicability (IA) Yes: Claims 1-10,33-36,40 

No: Claims 

2. Citations and explanations 
see separate sheet 
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1NTEBN a™NALPR E L.M^RY I— * PCTMP 03/09648 
EXAMINATION REPORT - SEP ARATE SHEET 

An international preliminary examination report has been established to take into 
account the requirements of Rule 69(2) PCT. 

^S.ish.en, of opinion with regard tonove.W.inventive step and industria, 

and 37-39 have not been examined for the following reasons: 

claims 1-10,33-36 and 40. 
Re Item IV 

rn^orastC^dependentoiaimst and11 have only the following 
ZZotftCnal analysis caloulating a heating characteristic value for at least one 
^^"easured temperature ^'^^X^' 

Tz heX characteristic. This determination is made for a port on a substrate , a. a 
Z££L*. «me intervai, temperature on a substrate and temperature of the 

Thufihe requisite unity of invention (Rule 13.1 PCT) does not exist, since a technical 
^ationsWpTnvolving one or more of the same or correspond^ specs techn-cal 

eatres Tthe sense of Rule 13.2 PCT does not exist between alarms 1 and 11 

TwHoups of claims are distinguished comprising independent c.a,ms 1 and 11 

Group I: comprising claims 1 -1 0,33-36 and 40 

Group II: comprising claims 1 1-32 and 37-39. 

^fd statement under ArtiCe 35 (2) with regard to novelty, inventive ^step or 
2-1 applicability; citations and explanations supporting such statement 

1 in accordance with Article 34(3)(c) and Rule 68(5) PCT the reasoned 1 statement 
deals with claims 1-10,33-36 and 40 belonging to the first group of c,a,ms. 
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3.1 



pv^wn MATION REPORT - SEPA RATE SHEET . 

Reference is made to the following document: 
D1: US-A-4 927 068. 

Document D1 is regarded as being the Coses, prior art to the subject-matter of 
T im 1 »„, m discloses a method of thermal analysis, wherein the quantity of heat 

- be considered as a heating cha—. 

^££££Z£?* «^ uished ,rom this prior art main,y in ,hat 

Thus, the ^sub,e* ^mane cnaracteristics 0 r defects of the heating furnace are 

^rrra^istherefcre new (Article 33(a) POT). 
3 2 The problem to be solved by the present invention may be regarded as speeding 

(Article 33(3) PCT). 

4 Claims 2-10 are dependent on claim 1 and as such also meet the requirements of 
the PCT with respect to novelty and inventive step. 

5 Present apparatus claim 33 corresponds to the part of method claim 1 which is 
knoTfmm document m , see above item 3.1 . Therefore, the sub,ect-matter of 
claim 33, is not new (Article 33(2) PCT). 

6 The additional features of claim 34 correspond to an usual design option that the 
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INTERNATIONAL PRELIMINARY international application No. PCT/JP 03/0964 3 
FXAMINATION p gPORT - SEPARATE SHEET 

skilled person would carry out in relation with the <*^Z£°^gr"* 
Tretore does not meet the inventive step requirements of AActe 33(3) PCT. 

(2) and (3) PCT. 

a The present application does not satisfy the requirements of Article 33(3) , PCT 

?hus the skilled person would appfy the teaching of document D1 to a coolmg 

Add t— g te independent claims o, the non examined groupof claims the 
following is added: us _ A-4 77s, 

directly or indirectly to the record medium of cla.m 32. 
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3 November 2004 
OurRef.: MA 7549-01 WO JOE/JUN/ksc 

Appncant: MATSUSHITA ELECTRIC INDUSTRIAL CO., LTD. 

Serial Number: PCT/JP03/09648 

Nrw claims (nlear copy) 

1 A method of thermal analysis, wherein heating characteristic at any meas- 
uring point of an object at any measuring location of a heating furnace is deter- 
mined as a single invariable by using temperature measured at the measunng 
point of the object and heating temperature and heating time at the measunng 
.ocation of the heating furnace, which heating characteristic represents phys.cal 
characteristics of both of the heating furnace and the object to be heated, 
wherein changes of said physical characteristics and/or defects of the heafing 
furnace are detected by obtaining said invariable periodically and analyzing van- 
ance of said heating characteristic. 

2 A method according to claim 1 , wherein changes of the physical character- 
istics and/or defects of a specific heating furnace are detected by obtaining sa.d 
invariables from a pluraiity of heating furnaces and comparing said heatmg char- 
acteristics of said plurality of heating furnaces among each other. 

3 A method according to claim 1 , wherein temperature profile of the object 
when the object is heated under given heating condition is simulated by us.ng the 
invariable. 

4 A method according to claim 1 , wherein appropriate heating condition of the 
heating furnace for heating the object in accordance with a required temperature 
profile is determined by using the invariable. 
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5 A method according to claim 4, wherein appropriate heating condition for 
each of a plurality of heating sections structured in the heating furnace for . heat- 
ing the object in accordance with a required temperature profile are determined 
by using the invariable obtained from at least one measuring location for each of 
the plurality of heating sections. 

6 A method according to claim 3, wherein said heating condition comprises 
either one of heating temperature, heating time, transfer speed of the object in 
the heating furnace, or blowing speed of heated air for heating the object, or any 
combination thereof. 

7 A method according to claim 1 , wherein said heating furnace is either one 
of reflow furnace, heat treatment furnace, sintering furnace, baking oven, melting 
furnace, or incinerating equipment. 

8. A method according to claim 1. wherein said invariable is an m-value de- 
fined by: 



1 {Ta-nnT] 



wherein In. is natural logarithm, Ta is heating temperature of the measuring 
location of the heating furnace. Tint is initiai temperature of the measuring pant 
of the object at the measuring location, Ts is achieved temperature when the ob- 
ject is heated at the measuring location, and t is heating time at the measunng 
location. 

9 A method according to claim 8. wherein temperature Ts of the object is 
determined when heating temperature Ta and heating time t of the heating fur- 
nace are given, or heating temperature Ta and heating time t are determined 
when required temperature Ts is given by using said m-values based on a follow- 
ing basic equation for heating: 
Ts =Ta - (Ta-Tint) e mt 

wherein e in the equation represents the base of natural loganthms. 

10 A method according to claim 8, wherein said m-value is adjusted based on 
a predetermined equation of relationship between the blowing speed of the 
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heated air and the m-value when the blowing speed of the heated airof the heat- 
ing furnace is changed. 

U A method of thermal analysis for determining appropriate heating condition 
for'heating an object in a heating furnace in accordance with a required tempera- 
ture profile corresponding to predetermined required conditions for heating the 
objed. wherein said method comprises steps of: 

determining a sample object to be heated and heating condition of the heat- 
ing furnace; 

determining required conditions for heating the object; 
heating the sample object, and measuring temperature of at least one 
measuring point of the sample object at a plurality of measuring locations of sa,d 

heating furnace; _ 

calculating heating characteristic value for each measunng po.nl at each 
measuring location based on measured temperature of the measuring pent as 
well as heating temperature and heating time at each measuring location; 

modifying the heating condition by changing either one of or both of the 
heating temperature and the heating time of a. least one of the measuring loca- 

"° nS; simulating temperature of each measuring point of the object at each 
measuring location of the heating furnace under the modified heating condfton 
by using the corresponding heating characteristic values based on a bas,c equa- 

^te^lg that the modified heating condition is appropriate for satisfying 
the required temperature profile when a temperature profile developed from the 
simulated temperature meets said required conditions, and 

re-modifying the heating condition when the developed temperature profile 
eoes not meet said required conditions, and repeating tine above procedures until 
the developed temperature profile meets the required conditions, 
wherein said heating characteristic value is an m-value defined by: 



1 [ Ta-Tint ~\ 
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wherein In is natural iogamhm, Ta is heating temperature of the measuring 

of the object ai men , • . Q „ H ♦ ,e heatinq time at the measuring 

]ec t is heated at the measuring location, and t is heating um 



location. 



12 A method of thermai analysis for determining appropriate heating condition 
ZZ" mrSS. -rein said method comprises steps 

* determining a sampie object to be heated and hearing condition o, each 
heating section of the heating furnace; 

determining required conditions for heating the object; 

mtstu— - *— « * - — 9 ,ocauon; 

""hITolponding heating characteristic values baaed on a bas.c aqua- 

"* 'Itrlfoing that the modified heating condlUon is appropriate for saving 
the ^temperature profile when a temperature profile devefopad from the 

the developed temperature profile meets the requ.red condrtions, 



wherein said heating characteristic value is an m-value defined by: 

m ' w Jl'ln is nature, ioganthm. Ta is heating temperature ofthe measunng 
toca "e heating furnace. Tin, is initia. temperature of the measunng , point 

MhTot act at the measuring iocafion. Ts is achieved temperature when the ob- 
Z H at »e measufing iocation. and t is heating time a, the measunng 

location. 

13 A method according to Cairn 11, wherein said heating furnace is either one 
ILow furnace, heat treatment furnace, sintering furnace, baKing oven, meihng 
furnace, or incinerating equipment. 
„ a pthod of thermal analysis for determining appropriate heating condition 

Ste9 \^raa::: ; ob i ect, and measuring tempera- o, at ieast one 
• of the heating sections of the heating furnace; 
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*. required temperature profite when a temperature profile developed fmm the 
"ted temperature meets sa,d required condlfions of both of me preheat 
*\aae and the reflow stage, and 

re-modifying the heating condition when the deveioped temperature pro le 
h . 1 meet said required conditions of the preheat stage or the reflow stage. 
, r — S able procedures unfl, the deveioped temperature proflie 
meets the required conditions, 

wherein said heating characteristic value is an m-value defined by. 

' ^in In is nature, logarithm, Ta is heating temperature of the measuring 
.ocaflTn of me heating furnace, Tin, is initial temperature of the ™*"'°« 
o,te obiect at the measuring iocation, Ts is achieved temperature when the ob- 
m a, the measuring location, and t is heating time a, the meaeunng 

location. 

15 . a method according to claim 14, wherein the method further comprises 

• ^'Mfying the heating cbndition which has me, the predetermined required 
condJon "through simuiafion by aCualiy heating the sample o b) eC under he 
ITnt n afing condition and measuring ,emperature at each measunng po,n, of 
Sample object a, each measuring .ocaflon of said heating furnace before de^ 
ITng that'such heafing condtflon is approve for safisfymg the requ.red 

^dtZCha, the vedfled heating condition Is appropriate for saflsfying 
• the regtd temperature profile when a temperature proflie developed a, the 
verification step meets the required conditions, and . . , at 

profile meets the required conditions. 
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16 . a method according to claim 11 , wherein tha basic aquation for haating is 
defined By: 

T8=T «h?Jn Tate haating temparatura of tha measuring location of the heating 
furnace. Tint is initial temperature of the measuring point of the <*** « *" 
measuring location. Ts is achieved temperature when the object is heated at the 
measuring location, t is heating time a, the measuring location, m is the oorre- 
spending heating characteristic value, and a is tha base of natural loganthms. 

■ 1T A method according to claim 1 1 . wherein said required conditions for heat- 
ing tha object includes either one of, or any combination of: 

(a) targeted haating temperature and heating time for keeping the object a 
a certain temperature for a certain iength of time so as to achieve the purpose of 

^"b) required upper end temperature that the ob]ect needs to achieve during 

heaH Tc) maximum temperature, which is the temperature the object should not 
qo over for sustaining its function; 

(d) allowable limited temperature and time that the object may endure dur- 

ing heating process; 

(e) preheat temperature and time required for heating the object pnor to 

heating for the ultimate purpose, and 
■ (f) allowable temperature variation among a plurality of measunng pants of 

the object. 

18 A program for making a computer to process steps of determining appropri- 
ate heating condition of a heating furnace having a plurality of heating sections 
for heating an object in accordance with a required temperature protiie corre- 
spending to predetermined required conditions for haating the object, sa,d steps 

""""obtaining heating characteristic value of at least one measuring location of 
each of said plurality of heating sections calculated from heating temperature and 
Heating time a. said measuring location as well as measured temperature of at 
,eas. one measuring point o, the object when the object is heated under certa,n 
heating condition at said measuring location, 



electing one measuring point which has achieved the highest temperature 
during the heating among ail the measuring points, and confirming whether tern- 
perature of the elected measuring point is not over the upper limit of the reared 
conditions (confirmation step A); 

when temperature of the elected measuring point ia over the required con- 
ditions at the confirmation step A, modifying the heating condition by lowering the 
heating temperature based on a predetermined rule and simulating temperature 
a, each measuring point under the modified heating condition by using the come- 
spending heating characteristic value, and repeating the above procedures from 
the confirmation step A; 

whan temperature of the elected measuring point is not over the requ.red 
conditions at the confirmation step A. confirming whether or not the elected 
measuring point meets heating time of the required conditions (confirmation step 

' when the heating time of the elected measuring point falls short of the re- 
qu ,red conditions a. the confirmation step B, modifying the heating condrtion by 
■ aising the heating temperature based on a predetermined ruie or by ieng hemng 
the heating time based on a predetermined rule and simulating temper^e for 
each measuring point under the modified heating condition by us,ng sa,d oome- 
sponding heafing characteristic value, and repaafing the above procedures from 

the confirmation step A; 

when.the heating time of the elected measuring point goes over the re- 
ared conditions at the confirmation step B, moving the heating . by 
lowering the heafing temperature based on a predetermined rule or by shortemng 
the heating time based on a predetermined rule and simulafing t-perature for 
each measuring point under the modified heating condition by us,ng the come- 
spending heating characteristic value, and repeating the above procedures from 
the confirmation step A; 

whan the heating time of the elected measuring point meet the requ.md 
conditions at the confirmation step B, confirming whether or no, all the other 
measuring points meet the required conditions (confirmation step C); 

when any one of the measuring points does no, mee, the requ.red cond,- 
Uons at the confirmation step C, modifying the heating condition by lengthenmg 
,he heating fime based on a predetermined rule or by raising the heafing tern- 
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peratU re based on a predetermined rule and simu.afing temperature for each 
measuring point under me modified heating condition by using the correspond^ 
ZZ. ^characteristic vaiue. and repeating the above procedures from the con- 

^ZZL measuring points meet . me reared — at ^ 
tion step C, determining that such heating condition Is appropnate for sausfymg 
the required temperature profile, , ^wmin 

where n the program further inciudes a logic of making a judgments detenm,n- 
„ Zrooriate heating condition for heating the obiect in accordance with the 
ZZClre Pro- is impossible when number of repeating P—s 
L a cosed loop at any of the confirmation steps A-C exceeds a predeterm.ned 
times. 

19 A program for making a computer to process steps o, determining appro- 
priate heat, g condition of a heating furnace having a p.uraiity o, heating sevens 
T hBatina 1 obiect in accordance witin a required temperature profile corre- 

:; n :~rea^ — to ««. ~. «*. 

OTm Cn.ng heating characteristic value of at .east one measuring location of 
each of said Morality of heating sections calculated from heating temperature and 
heatin time at said measuring location as we,, as measured temperate oT « 
Las, one measuring point of the object when the obiect is heated under certam 

heatina condition at said measuring location, 

electing one measuring pcW. as a critical measuring point, wh.cn as . 

achieved the lowest temperature during the heating among a„ the measunng 

Meeting heating condition o, each of.he heating sections whfch may make 
. S a,d la, measuring point to satisfy both of the required upper 

that the obiect needs to achieve and the maximum temperature that me ob ect 
1 11 no o over, by simulating temperature o, the critica, measunng point b 
us ; g the corresponding heating cha ra cterist,c value for each of the measunng 
. ratinn . hased on a predetermined algorithm, 

con X whether any of the detected heating conditions at the detecting 
step meet targeted heating temperature and heating time that the object needs to 
clear for fulfilling the purpose of heating (confirmabon step D); 
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wh en none of the detected heating condifions meet the targeted hea ,ng 
tempelre and heating time at the confirmation step D. modifying the heat g 
cZ ion by iengthaning the heating time based on a predetermined rule and 
lu l g telperature at ea* measuring pointer the modified heating eon- 
ZTur^e corresponding heafing characteristic value, and repeal the 
above procedures from the step of electing the critical measunng po,n ; 

«hen any of the detected heating condlfions mee, the targeted h£n» 
temperature and heating time at me confirmation step D, confirmmg writer 
Z detected heating conditions, mee, other required conditions o allowable 
lited temperature and time that the object may endure dunng beefing (conflr- 

" none of the detected heating condition^) meet the aiiowable »mited 
temperature and fime a. the confirmation step E, modifying the heatmg cordon 
"riening the heating time based on a predetermined ruie and s—g 
'llab.re at each measuring point under the modified heating condibon by 
"^responding heafing characterise value, and repeating the ebove 
procedures from the step of electing the critical measuring pent; 

when any one of the detected heating condition's) meet the atlowabieiim- 
,ted temp r Ire and time at the confirmed step E, temporarily elec n g one 
oe e^ heating condition that has cleared the allowable limited temperature a d 

. Inappropriate heating condition for satisfying the required temperature pro- 

f " e: confirming whether all the other measuring points meet the required oondi- 
tions bTsimulalg temperatures under the temporarily elected heabng condlbon 
corresponding heating characteristic values of the other measunng 

firmation step F, modifying the temporarily eiected heating cond,.,on by a orten- 
nX ing time based on a predetermined ruie and simulating 
el measuring point under the modified heating condition by us,ng the Re- 
sponding heating characteristic value, end repeating the above procedures from 
the step of electing the critical measuring point, and 
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when all toe measuring points mee. the required conditions at me confirma- 
U on step F. determining that the temporarily elected heating cond,t,on ,s appro- 
priate for satisfying the required temperature profile. - 

wherein when none of heating conditions for the critical measunng pen, couid 
leeUhe targeted heating temperature and time requirement a, the confirmed » 
step D during the course of the repeated procedures after it was foun at* 
colmation step F that none of the measuring points meet the requ,red.oond, 
„*:, t second heafing stage, and mediation of the heafing condi„on was 
Trie by shortening heating time, the program further includes a logic o, d te r 
i approximately appropriate heating condition hy lengthen^ toe hea g 
ZZ the latest temporarily elected heating condition based on a prede.erm.ned 



rule 
20 



20 A program for making a computer to process steps of deterring appro- 
priate heating condition of a heating furnace having a plurality of beefing secfions 
te^o a first and a second heating stages for heating an o bj eC in accordance 
Ta rlq ired temperature profile corresponding to predetermined required 
nlla for each of the first and the second stages, said steps composing, 
^ainig e«: characteris«cva,ueforat,eastone m easuringlocafionof 
aach . aid pLiity of heating secfions calculated from heafing temperature and 
Tel me at said measuring iocation as we,, as measured temperature - * 
teas, one measuring point o, the ohiect when the object is heated under certain 
heatinq condition at the measuring location, 

eiecfing one measuring point which has achieved the highest temperature 
durina heating at the first heating stage among all fine measuring points, and con- 
umperatur, of .he elected measuring point is not over the upper 
limit of the required conditions (confirmation step A), 

when temperature of toe elected measuring point is over the requ,red con 
anions of toe first heating stage a. toe confirmafion step A. modifying toe ,afig 
condition by lowering the heating temperature based on a predetertnmed r* 
- " d imulat ng temperature at each measuring point under toe mod,fied hea ng 
condifion by using the corresponding heafing characteristic value, and repeafing 
the above procedures from the confirmation step A; 

when temperature of toe elected measuring point is not over toe requ.red 
conditions of the first heating stage a. the confirmation step A. confirms 
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whether or not the elected measuring point meets heating time of the required 
conditions of the first heating stage (confirmation step B): 

when the heating time of the elected measuring point falls short of the re- 
tired conditions of the first heating stage at the confirmation step B, modifying 
tt,e heating condifion by raising the heating temperature based on a prede^ 
mined rule or by iengthening the heating time based on a predetermined mle and 
liafing temperature for each measuring point under the modified heabngcon 
dition by using the corresponding heating characteristic value, and repeating the 
above procedures from the confirmation step A; 

when the heating time of the eiected measuring point goes over the re- 
qui red conditions of the first heating stage a, the confirmation step B. modifying 
1 heating condition of the first heating stage by lowering the heating tempera- 
ture based on a predetermined rule or by shortening the heating fime based on a 
predetermined rule and simuiating temperature for each 
themodified heating condition by using the corresponding beefing character** 
value and repeating the above procedures from the confirmation step A; 

when the heeting time of the eiected measuring point meet the reared 
conditions of the first heafing stage a, the confirmation step B «-m« 
whether or no. al, the other measuring points meet the required conditions of the 

«ons of the first heating stage a. the confirmation step C, modifying the heating 
' condition by lengthening the heating time of the first iteafing stage .based on a 
predetermined ruie or by raising the heating temperature of the firs, heating stage 
based on a predetermined „*, and simuiating temperature for each measuring 
point under the modified heating condition by using the corresponding hea .ng 
characteristic value, and repeating the above procedures from the confirmation 

virion a.l the measuring points meet the required conditions for the first 
heating stage at the confirmation step C, electing one measuring point, as a enti- 
ce, measuring point, which has achieved the lowest temperature at the second 
heating stage during heating among ail the measuring points; 

detecting heating condition of each of the heating secfions ,n the second 
heating stage which may make said critical measuring point to satisfy both of the 
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required upper end temperature that the object needs to- achieve and ***** 

Z measuring point by using the corresponding heating charactenshc 

vale for each o, the measuring iocations in the second heating stage eased on a 

tecting step meet targeted heating temperature and heaung time Ha the o bJ ec« 
needs to clear for fulfilling the purpose of heating (oonfirmatron step D), 

when none of the detected heating conditions meet the targeted hea ng 

Ze procedures either from ma step o, electing the critical measunng pent or 
^rnrrrel.eotedhe.ng — ^ — ^ 

:ld temperature and «me ana, the ohiec, may endure during heatmg <con f ,r- 

^"anyone of ana detected heating condition (a, meet the ailowahie Urn- 
« tern r Ire and time at the conf— step E, temporarily eiec ng one 

«me requirement by the shortest time among all the detected heanng cond„on(s) 
appropriate heating condHion for saving the required temperature pro- 

connrming whether ail the other measuring points meet the required condi- 
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mum 



mle and simulate temperature of each measunn po,n. unde 
uHn^otcrfro^econ— n< ^£ for the second 

rHinn to claim 20 wherein when none of heating conditions 
21 . A program acco d,n 9 to o,a,m 20 bating. temperature and 

for the critical measunng pent could meet the g . 
time retirement a, the confirmation step D «™££ZZ dl the I,,, 

p ^Tmtr:r ::r 0 rrd F h:;ng stage, a. m^ 

condition based on a predetermined rule. 

sordino to claim 20, wherein the program further includes a 

tion steps A-F exceeds a predetermined times. 

23. A program according to Cairn 20. wherein said hea«ng characteristic value 
is an m-value defined by: 



Ta-TinA 
Ta-Ts J 
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here in In is natural logarithm, Ta is heating .empara.ura of the measuring 
tion for heating: 

^irlCeguation represents the hase of na.umHogad.hms. 

^Vprogra— gto^ . 
, ng the heating temperature when tampers ure oT M ^ ^ 
OV er the regulred — at .a con A ^ ^ - ^ 
lnfl temperature down to the upper and tempar*ura of 

regu ,red heating conditions. *™r"£££ZL» ««— «~ 
the allowable range. 

. or 1? wedng ma heac ng ^^^S^ confirmation stop B 
point falls short of or goes over the regure 

2 , A prog ram aooording to olaim ^^^^Z 
w, Q d«nn time when any one of the measunny v» 

-^'^ror — ^rerr.hemeasudng.ints 

condition, or , 0 * . 

time by the same ratio. 
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27 A program according .0 claim 20. wherein the predetermined algonthrr , for 

of the required upper end temperature and the maximum temperature ,s config- 
ured by the steps of: oo 
creating combinations of heating condition of at ieast two heating sections 
by raising respective heating temperatures independent by every predate, 
led alunt from the initi, temperature of the object a, the beginning o *e 
heating section up to a predetermined upper limit temperature defined by the 

""g temperature of the critical measuring point under each of the 
craatad combinations of the heating condition, and developing temperature pro- 
flies corresponding to each o, the combinations of the heating condihon; and 
detelng any o, the combinations o, the heating condition which may maxe 
the corresponding simulated temperature to locate inside a .one «■*-■*-- 
at ,eas. two hea«ng sections, which zone is surrounded by an upper bound * 
and a lower bounded wherein the upper boundary comprising an empire 
increase line between a point H of an initial temperature of the preceding heat. 
Taction and a point E o, the maximum temperature at the end o, the same heat- 
2 Taction as weil as a line o, the maximum temperature between sard point E 
a Ta point G at ma end o, said at ieast two heating secfions, while the lower 
ZZy comprising a „ne between said point H and a point F of the required 
' upper end temperature at the end of said at least two heating sections. 

28 A program according to claim 20. wherein the predetermined rule for 
iengthening the heating time when none of the heafing conditions meet 
JL «me conditions atthe confirmed step D is to multiply preceding 
speed of the object with a ratio closest to 1 among the ratios of me heating time 
a Targeted heating temperature versus corresponding simulate, time for 
each of the measuring points which failed to meat the required cond,t,ons, or to 
divide the preceding heating time by the same ratio. 

29 A program according to claim 20. wherein the predetermined rule for short- 
ening the heating time when none o, the heating conditions meet 
^ conditions a, the confirmation step E is to muifiply preceding transfer speed 
Of the obiec, with a ratio closest to 1 among the ratios o, heating t,me at the al- 
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lowabie limited temperature versus corresponding simuiated time fo,each of the 
Lsuring points which faiied to meet the required conditions, or to div.de the 
preceding heating time by the same ratio. 

30 A program according to claim 20. wherein the predetermined rule for short- 
ening the heating time when any of the heating conditions do not mee t the re- 
ared conditions at the confirmation step F is to muitipiy preceding transfe 
speed of the object with a ratio closest to 1 among the ratios of the heafing time 
at the targeted heating temperature versus corresponding simulated tone, or 
long fine rafios of the heating time a, the ailowabie iimited -P^ejs 
corresponding simulated time for each of the measunng points 
meet the required condition, or to divide the preceding heating time by the same 



ratio 
31. 



31 A program according to Cairn 20, wherein in addition to overaii required 

object individual required conditions are separately determined wh.ch are to be 
SI corresponding each of the measuring points of the object n« 
and the program further includes a logic for making a judgment that even ,. the 
TeatLg JLn does not mee, some requirements of the overal. required cond, 
U ns a. some measuring points, such heating condifions are deemed approp te 
as far as said individual required conditions to be applied to those particular 
• measuring points are satisfied. 

32. A computer readable recording medium recording a program for making . 
computer to process steps of determining appropriate heating condition for he* 
ng an object in accordance with a required temperature profile corresponding o 
Quired conditions for heating the object, wherein said program ,s defined by 



claim 20. 



33 An apparatus for performing thermal analysis to be used for heating an object 
l„ a heating furnace, comprising a input means, a memory and a processor, 

wheL said input means obtains information of heating temperature and 
heating time of the heating furnace and temperature of the object, 

said memory stores a logic for calculating heafing characters vaiue, and 
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a basic equation to heating or a logic for calculating temperature of the object to 
be heated by using said heating characteristic value as we,, as the heatmg tem- 
Denature and heating time, and- 

said processor calculates either said heating, characterise value or tem- 
perature of the obieo. corresponding to the heating temperature 
Le. by using said logics and said basic equation for heating stored ,n the mem- 
ory. 

34 An apperatus according to claim 33, wherein the apparatus further com- 
prises a reeding means for reading recording medium; wharain the processor 
Zlles appropriate haatin 9 cond^on in— heating - - 
beating time, which may satisfy the required conditions of the to be 
heated by using the required conditions for heating the objact obtained by the 
;;rmeans.a, g orithmU,a..haread,n g meansobtainedbyreading,harecord l n S 

medium, and the heeting characteristic value calculated by the processor. 

35. An apparatus according to claim 33, wherein said heating characteristic 
value is an m-value defined by: 
1, [Ta-Tint~\ 

wherein in is natura, iogarithm, Ta is the heating temperature, T,nt is in,fia. 
temperature of the o bj ect, Ts is achieved temperature when the object . heated, 
and t is the heating time. 

36. An apparatus according to Calm 33. wherein said basic equation for heat- 
ing is defined by: 

TS=T th?^ Ti^s heating temperatura, Tint is initial temperature of tha ob- 
iact Ts is achieved temperature when the object is heated, t is the beabng bme. 
a is the base of natural logarithms, and m is the heating characteristic value. 

• 37 A heat controller for determining appropriate heating condition including 
beating temperatura and heating time for each of heating sections structured ,r , a 
beating furnace, and for controlling the heating furnace based on such deter- 
ged appropriate heating condition so as to heat an object in accordance w,th a 
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required temperature profile corresponding to required conditions forheating the 
object, said controller comprising an input means, an output means, a memory, a 
processor and a reading means for reading recording media,. 

wherein the controller controls the heating furnace by reading recording 
medium defined by claim 32. 

38 A heating furnace for heating an object introduced into the furnace- in ac- 
cordance with a required temperature profile corresponding to required condi- 
tions for heating the object, said heating furnace comprising at least one healing 
section a heat source provided to each of the heating sections for heating the 
. object, and a heat controller capable of controlling heating condition for each of 
the heating sections, 

wherein said heat controller is defined by claim 37. 

39 A heating furnace according to claim 38, wherein said heating furnace is 
either one of reflow furnace, heat treatment furnace,, sintering furnace, baking 
oven, melting furnace, and incinerating equipment. 

40 A method of thermal analysis, wherein cooling characteristic of at least one 
measuring point of an object at one measuring location of a cooling equipment is 

. determined as a single invariable by using temperature measured at said at least 
one measuring point of the object as well as cooling temperature and cooling 
time at the at least one measuring location of the cooling apparatus, which cool- 
ing characteristic represents physical characteristics of both of the cool.ng 
equipment and the object to be cooled, wherein appropriate cooling condition of a 
cooling equipment for cooling the object in accordance with a required tempera- 
ture profile is determined by using the determined invariables. 
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